Few independent studies have reported the outcome of resurfacing arthroplasty of the hip. The aim of this study was to report the five-year clinical outcome and seven-year survival of an independent series.
Few independent studies have reported the outcome of resurfacing arthroplasty of the hip. The aim of this study was to report the five-year clinical outcome and seven-year survival of an independent series.
A total of 610 Birmingham Hip Resurfacing arthroplasties were performed in 532 patients with a mean age of 51.8 years (16.5 to 81.6). They were followed for between two and eight years; 107 patients (120 hips) had been followed up for more than five years. Two patients were lost to follow-up. At a minimum of five years' follow-up, 79 of 85 hips (93%) had an excellent or good outcome according to the Harris hip score. The mean Oxford hip score was 16.1 points (SD 7.7) and the mean University of California Los Angeles activity score was 6.6 points (SD 1.9). There were no patients with definite radiological evidence of loosening or of narrowing of the femoral neck exceeding 10% of its width. There were 23 revisions (3.8%), giving an overall survival of 95% (95% confidence interval 85.3 to 99.2) at seven years. Fractured neck of femur in 12 hips was the most common indication for revision, followed by aseptic loosening in four. In three hips (three patients) (0.5%), failure was possibly related to metal debris.
Considering that these patients are young and active these results are good, and support the use of resurfacing. Further study is needed to address the early failures, particularly those related to fracture and metal debris. 2 Since its introduction in 1997, more than 60 000 have been implanted. 3 Most studies on the BHR have been from the centre responsible for its development [4] [5] [6] [7] and show excellent results, particularly in young patients with osteoarthritis (OA). 4 Few independent series have reported 8 and most have either described small numbers 9, 10 or follow-up periods of less than five years. [11] [12] [13] The purpose of this study was to perform a survival analysis of a large series of BHRs implanted at an independent hospital with a minimum follow-up of two years and a comprehensive review of patients five years after surgery.
Patients and Methods
A total of 610 consecutive BHRs were implanted between June 1999 and April 2006, of which 120 (107 patients) have been followed up for more than five years. The latter were termed the five-year group. The entire group were under the care of seven consultant orthopaedic surgeons who supervised 30 surgical trainees during this time; 497 BHRs were performed by consultants and 113 by trainees. During the same period approximately 3300 total hip replacements were performed.
The entire group involved 532 patients, 316 men (59%) and 216 women (41%). The mean age at the time of surgery was 51.8 years (16.5 to 81.6). There were 78 bilateral cases, of which 21 were performed simultaneously. The most common diagnosis was primary OA (85%, 519 hips), followed by OA secondary to dysplasia (9.3%, 57 hips) ( Table I) .
The extended posterior approach was used in all cases, following the technique of McMinn et al. 5 Either CMW3 cement (DePuy Ltd, Blackpool, United Kingdom) with gentamicin or Simplex cement (Stryker, Newbury, United Kingdom) with tobramycin was used to fix the femoral component.
In the five-year group there were 75 men and 32 women, with a mean age at the time of surgery of 50.5 years (26 to 70). The diagnosis was primary OA in 110 hips, avascular necrosis (AVN) in seven, and secondary OA in three (developmental dysplasia in two and septic arthritis in one). There were 13 bilateral cases, of which 12 were performed simultaneously.
The Oxford hip score (OHS) 14 and University of California Los Angeles (UCLA) activity score 15 questionnaires were sent to all patients, and all those in the five-year group were invited to attend for review. The OHS has a maximum of 60 points (worst outcome) and a minimum of 12 points (best outcome), and the UCLA score has a minimum of one point (wholly inactive) and a maximum of ten points (undertaking regular impact sports). A sub-analysis was performed dividing the hips based on the age of the patients into young (< 50 years, n = 231) and older (≥ 50 years, n = 379) age groups. The distribution of pre-operative diagnoses was different in these two groups. Primary OA accounted for 77.5% (179) of the young group and 90% (340) of the older group (Table I) , whereas OA secondary to dysplasia accounted for 13% (30) of the young group and 7.1% (27) of the older group. The distributions of the groupings of diagnoses, primary OA, OA secondary to dysplasia and all others, were compared between the young and older groups using the chi-squared test.
At review for the five-year group, patients were examined radiologically and clinically. The position of the femoral component was assessed radiologically by measuring the stem-shaft angle, and radiolucent lines around the femoral 16 and acetabular components were recorded. The definition of the zones is given in Figure 1 . The incidence and amount of heterotopic ossification 17 was assessed. The amount of narrowing of the femoral neck 5 was determined ( Fig. 1) , with the magnification corrected using the known size of the femoral component.
The patients were clinically assessed with the Harris hip score (HHS), 18 which ranges from zero points (worst outcome) to 100 points (best outcome).
Implant survival for the entire cohort was established, with revision as the final endpoint as described by Murray, Carr and Bulstrode, 19 and the Rothman equation was used to obtain the 95% confidence limits. Survival was separately established for the entire cohort divided into young and older groups, and the five-year group. For those who could not attend the clinic, survival was established by telephone interview and GP records. Statistical analyses were performed using SPSS (version 12, SPSS Inc., Chicago, Illinois).
Results
For the entire cohort of 532 patients (610 hips), only two were lost to follow-up. These patients are included in the results as we had their size usage data. The mean follow-up Definition of radiological zones, stem-shaft angle (SSA) and neck width.
THE JOURNAL OF BONE AND JOINT SURGERY was 4.2 years (2.0 to 7.6). The OHS and UCLA scores were obtained for 507 (83%) hips. Survival was established for all but the two patients lost to follow-up. The mean OHS was 16.1 points (SD 7.7). The mean UCLA activity score was 6.6 points (SD 1.9). The most commonly-used femoral components had a diameter of 46 mm in 185 hips (30%), 50 mm in 168 (28%) and 54 mm in 159 (26%), with a range from 38 mm to 58 mm. The overall median head size was 50 mm.
In the sub-analysis comparing the young and the older patients, scores were obtained for 173 (75%) of the young and 328 (87%) of the older patients. The mean OHS was significantly higher (Mann-Whitney U test, p = 0.019) for the young patients (17.7 points, SD 9.7), than for the older patients (15.2 points, SD 6.2). The mean UCLA activity scores were similar between the two groups with 6.4 points (SD 2.2) for the young and 6.8 (SD 1.7) for the older patients. The distribution of the three diagnostic groups (OA, dysplasia and other) was statistically significantly different between the young and older patients (chi-squared test, p < 0.001). There were also statistically significant differences between the median ages at the time of surgery of the three diagnostic groups (Kruskal-Wallis, p < 0.001); the median age of patients with primary OA was 54 years (19 to 81.6), that of patients with OA secondary to dysplasia was 49.6 years (19.2 to 60) and that for those with other diagnoses was 42.6 years (20.2 to 63.1).
There were a total of 23 revisions (3.8%) (nine in males (39%), 14 in females (61%)), giving an overall survival of 95% at seven years (95% confidence interval (CI) 85.3 to 99.2; Table II, Fig. 2) . If the two cases lost to follow-up were included as failures, survival was 94% (95% CI 84 to 98). A total of 13 revisions were undertaken during the first year after implantation (Fig. 3) . The most common cause of failure was fractured neck of femur in 12 hips, two of which occurred intra-operatively. Failure was caused by aseptic loosening in four hips loosening of the acetabular component in three and of the femoral component in one. Unexplained pain, infection and recurrent dislocation each accounted for two cases of revision. Impingement was the reason for the remaining revision. The older age group had a higher survival of 96% (95% CI 79 to 100.2) at seven years, compared with 94% (95% CI 76 to 100.4) at eight years for the younger group.
For the revision cases, the primary diagnoses were primary OA for 17 hips (74%), OA secondary to dysplasia in five (22%), and in the remaining hip (4%) it was unclear whether the diagnosis was primary OA or inflammatory arthritis. The mean age of the patients who underwent revision at primary surgery was 49.5 years (19.5 to 62); their mean post-operative stem-shaft angle was 138˚ (SD 7.8). Two of the patients who underwent revision had large acetabular cysts and two had large femoral cysts. The most commonly-used femoral component in patients undergoing revision had a diameter of 46 mm in nine hips (39%), 50 mm in five (22%), 42 mm in four (17%) and 54 mm in four (17%), with a range between 38 mm and 54 mm. The median head size was 46 mm.
For the five-year group, the mean follow-up was 5.3 years (5 to 7.6). A total of 85 hips (71%) were reviewed radiologically and clinically. The remaining 35 hips in 30 patients were assessed by post or telephone. The mean stem-shaft angle was 139˚ (SD 7.5). A stem-shaft angle between 130˚ and 150˚ was documented for 69 hips (81%) in the five-year group. There were 11 (13%) in varus (stem- shaft angle < 130˚) and five (6%) in valgus (stem-shaft angle > 150˚). The clinical scores for this group were similar to those of the whole cohort, the mean OHS was 16.4 points (SD 6.8), and the mean UCLA activity score was 6.7 points (SD 1.8). The mean HHS was 93.1 points (SD 12.7); 70 hips (82%) had an excellent clinical outcome according to the HHS criteria (90 to 100), nine (11%) had a good outcome (80 to 90), three (3.5%) had a fair outcome (70 to 80) and three (3.5%) had a poor outcome (score > 70). The mean hip flexion was 105˚ (40˚ to 140˚). We found no relationship between outcome and component position or patient characteristics such as gender and body mass index. There were five revisions (4%), two for fractured neck of femur, one for unexplained pain, one for infection and one for dislocation.
From the 85 radiological examinations available, radiolucency around the acetabular component was seen in seven cases (8.2%), in five of which (6%) this was limited to zone 2 (Fig. 1) . There was only one case of complete acetabular radiolucency. This case was the only one in which zone 1 was involved. The width of the acetabular radiolucent lines varied from 1.2 mm to 3.9 mm. Radiolucencies were less common around the femoral component, with only one of 1.5 mm thickness, seen in zone 2. However, a thin sclerotic line was seen in 64 hips (75%) of which only 40 (47%) were seen in zone 2. For the remaining 24 hips, the sclerotic line was observed in all three zones and was approximately 0.5 mm thick.
Heterotopic ossification was seen in 26 hips (30%) of the available radiological examinations. Most, 19 hips (22%) were Brooker grade I, five hips (6%) were grade II and two (2%) grade III.
When comparing the follow-up radiographs to the postoperative films, some narrowing of the femoral neck was seen in 30%. In most cases this was between 1 mm and 2 mm, representing a narrowing of < 5%. Further narrowing was only seen in seven hips (8%), the amount varying between 6% and 10%. In no case was there narrowing of > 10%.
During the 20 revision procedures performed at our centre, a number of observations were made. The two cases revised for infection had large amounts of serous fluid present, and histology confirmed lymphocyte infiltration in the lining tissues, reminiscent of an immunological response to wear particles. The bone marrow showed areas of degeneration and osteonecrosis of cortical bone surrounding the macrophage response. In these two cases no organisms were grown. The case revised at 5.6 years for recurrent dislocation had large amounts of metallosis and massive thickening of the local soft tissues. In the case revised for unexplained pain, the components were securely-fixed. Of the cases revised for fracture, histology for the two intra-operative cases only showed evidence of a recent fracture. For the remaining fracture cases there was evidence of extensive established AVN.
There were no major medical complications.
Discussion
Our results demonstrate that with the BHR arthroplasty, implanted using the extended posterior approach, the five- year survival is similar to or better than the survival rates that have been reported for cemented and hybrid THRs in young patients. [20] [21] [22] The overall survival at seven years was 95%.
It was interesting to note that younger patients had a significantly worse outcome in terms of OHS than the older patients, and slightly worse survival. This is probably explained by the larger proportion of patients with diagnoses other than primary OA in the younger group. The patients with secondary OA were significantly younger at the time of surgery than those with primary OA. The OHS results for our younger patients were higher than those reported by Pollard et al, 9 who recorded a mean OHS of 15.9 for young patients who underwent resurfacing arthroplasty. Their patients had a minimum of 3.5 years' followup, the mean follow-up in our study was 4.2 years. A limitation of our study is the absence of pre-operative data. The worse OHS scores for younger patients could be due to lower pre-operative values for many in this group. The overall activity levels were relatively high, indicating participation in moderate sporting activities, but the mean activity level was lower than has been reported in other studies. 4, 7, 9 The survival in our series was lower than that reported by Daniel et al 4 and by Treacy et al, 7 both from the design centre. Daniel et al 4 described a homogeneous group of young patients with OA; our patients had a number of underlying diagnoses. Our results suggest a poorer outcome for diagnoses other than OA; this is supported by recent data from Amstutz, Antoniades and Le Duff 23 showing a poor outcome for patients with dysplasia. Our survival is similar to that reported by Nishii et al, 10 whose patients had a mixture of diagnoses; they reported a 96% survival at five years. Dysplasia represented 22% of our revision cases, compared with 9.3% of the overall cohort.
The patients undergoing revision had a similar mean age to the overall cohort, and in terms of the position of the components there were no noticeable differences from the well-functioning patients. Female patients represented 61% of the revision group, compared with 41% of the total cohort. The median diameter of the femoral component was smaller in the patients undergoing revision than in the whole cohort. Only four of the patients undergoing revision had large cysts. These findings indicate that females and patients with small sizes of femoral component are more at risk of revision after resurfacing; this is in agreement with Amstutz et al. 16 Femoral neck fracture represents the most common indication for revision, and most fractures occurred during the first year. This agrees with previous reports, 9, 24 and is thought to be due to interruption of the femoral blood supply during surgery. 26 It would be interesting to compare these findings for similarly-sized series performed using approaches other than the extended posterior. The most appropriate way to examine risk factors for fracture is to compare those patients who have sustained a fracture with a control group. 26 Reporting risk factors without a control group will over-emphasise the involvement of any of the factors considered. Early aseptic loosening of the acetabular component is probably due to either inadequate impaction or reaming. There is a continuing need for appropriate training and recognition of the differences between the uncemented acetabular component of a resurfacing device and that of a standard total hip replacement.
The widespread appearance of sclerotic or reaction lines around the stem of the femoral component is interesting, but it is not clear what this signifies. Pollard et al 9 reported femoral radiolucencies and what they termed 'the pedestal sign'. We suspect that the reaction lines are due to an alteration of the local femoral mechanics resulting from the modulus mismatch between the stem and the host bone.
A small amount of femoral neck narrowing was recorded in a third of the five-year group. This phenomenon has been reported by others. 11, 16, 27 The amount of neck narrowing that we observed was always less than 10%, and at present we do not consider it to be clinically relevant.
The findings at revision suggest that in a small number of patients there appears to be a reaction to metal. The exact mechanism of this phenomenon is unknown and warrants further investigation.
In conclusion, considering that these patients are young and active, these results are good and support the use of resurfacing. However, further study is needed to address the early failures, particularly those related to fracture and metal debris.
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